Background: Randomized controlled trials have shown inconsistent responses of childhood pneumonia to the use of vitamin A as an adjunct to the standard treatment of pneumonia. Objective: We evaluated the effect of a moderate dose of vitamin A as an adjunct to standard antimicrobial treatment on the duration of respiratory signs in children with pneumonia.
INTRODUCTION
Acute respiratory infections (ARIs) account for Ȃ2.1 million deaths per year in children aged 5 y (1). In the Americas, Ȃ140 000 children aged 5 y die of pneumonia each year; children aged 1 y are most likely to be affected (2) .
Acute lower respiratory infections (ALRIs) are a global problem, and there are large differences in mortality rates between developed and resource-poor countries (3) (4) (5) . Pneumonia is responsible for only 1-3% of deaths of children aged 5 y in developed countries, but it is responsible for 10 -25% of deaths of children aged 5 in resource-poor countries (6) .
Observational studies have shown that children with vitamin A deficiency are at greater risk of illness and death due to infections of the respiratory tract than are vitamin A-replete children (7) (8) (9) (10) . Unique to pneumonia associated with measles, supplementation with megadoses of vitamin A (total of 400 000 IU within 24 h of the enrollment) has a clear protective effect (11, 12) . In nonmeasles ALRIs, the results have been contradictory: some studies found a protective effect of megadoses (8 -13) , but others did not (14 -16) . Although most studies of ALRIs used supplements with large doses of vitamin A every 4 to 6 mo, a study that used small doses (10 000 IU) of vitamin A, given weekly, found that lower doses were associated with a low risk of respiratory tract infections in malnourished Ecuadorian children (17) .
Large doses of vitamin A, when used as an adjunct to standard therapy, were associated with a significant shortening of hospitalization of children with pneumonia in one study (18) . However, other studies did not show a beneficial effect of vitamin A on the duration of pneumonia signs or subsequent morbidity in children aged 6 mo (19 -22) . In contrast, a study conducted in Peru found that the recovery in children aged 3 mo to 10 y who were hospitalized with pneumonia and who received supplements of high doses of vitamin A (150 000 and 300 000 IU given in 2 doses) was adversely affected (23) .
In hospitalized, malnourished children with vitamin A deficiency, high doses of vitamin A (100 000 and 200 000 IU) did not reduce morbidity. However, lower daily doses (5000 IU from the time of admission until discharge) were more beneficial in children with severe malnutrition in terms of reducing the subsequent risk of severe diarrhea but not of reducing ALRI or all-cause fevers (24) .
Given the mixed results of therapeutic trials of vitamin A in children with pneumonia and the limited evidence that smaller doses may be protective in underweight children, we conducted a randomized, double-blind, placebo-controlled trial. The purpose of the current trial was to assess the effect of supplementation with moderate doses of vitamin A as an adjunct to standard treatment of pneumonia in normal-weight and underweight children aged 2-59 mo on the duration of hospitalization and clinical signs of pneumonia.
SUBJECTS AND METHODS

Study design
This was a randomized, double-blinded, placebo-controlled clinical trial of orally administered vitamin A in doses of 50 000 IU to children aged 2-12 mo and of 100 000 IU to children aged 12 to 59 mo who were admitted to the Baca Ortíz Children's Hospital in Quito, Ecuador. The enrollment period extended from May 2002 to June 2004. During this time, the treatment protocols in the hospital did not vary, and no important changes were observed in recruitment, enrollment, and follow-up.
Study site
Baca Ortiz is the main pediatric reference hospital in Ecuador. During 2001, 26 713 children were treated in the outpatient departments and emergency room. ARI is the most common cause of admission to the hospital. During 2001, of a total of 5599 admissions, 977 were children with pneumonia (Department of Statistics, Baca Ortiz Hospital, unpublished data, 2001).
Subjects
The average duration of hospitalization of children with pneumonia was 5.07 Ȁ 2.87 d, according to a preliminary study in the Baca Ortiz Hospital. To detect a difference of 1 d of hospitalization with 80% power, with an ␣ of 0.05, 2-tailed study, the required sample size was 141 children per group. The estimated dropout rate was 15%. Therefore, the number of children to be enrolled was 162 per group.
Children aged 2-59 mo who had a clinical diagnosis of pneumonia confirmed by X-ray and weight-for-age 50th percentile, according to the US National Center Health of Statistics growth curve (25) , were included. Clinical pneumonia was defined as the presence of an elevated respiratory rate (40/min in children aged 12 to 59 mo; 50/min in children aged 2-12 mo), fever (axial temperature 37.5°C), cough or chest indrawing or both, and low oxygen saturation (pulse oximetry level 90%), and at least one clinical sign by auscultation (eg, rales, wheezing, diminished breath sounds, bronchial breath sounds, or pleural rub). Chest X-ray was considered positive if at least one of the following radiologic signs compatible with pneumonia was present: focal infiltrate, consolidation, or minimal pleural effusion. A pulmonary specialist read all chest X-rays to verify the findings.
The physicians of the study team were familiarized with all study procedures during a pilot phase to ensure standard practices during the study. Severely malnourished children and children with another acute infection, severe anemia (hemoglobin concentration 80 g/L), complicated pneumonia or pneumonia resulting from aspiration of a foreign body, congenital abnormalities, hospitalization for any reason during the previous 2 mo, or children who were given megadoses of vitamin A at a health center in the previous 2 mo were excluded.
Eligible children were randomly assigned to receive either vitamin A or placebo. Randomization was performed in blocks of 20. A randomization list was generated by using tables of random numbers and was converted into a sequence of envelopes that contained the regimen assignments for all children in the trial. Once an eligible child was identified, the next envelope in the sequence was opened, and the corresponding regimen was provided to the child. The Ethical Committee of the Corporación Ecuatoriana de Biotecnología held the blinded randomization codes in a secure place. The study code was not broken until all the data were entered and the initial analyses performed.
Written informed consent was obtained from the parent or care provider of each child for enrollment of the child in the study. The study protocol and informed consent form were approved by the Boston University Institutional Review Board and the Ethics Committee of the Corporación Ecuatoriana de Biotecnología, which also supervised the study to ensure that study procedures were being followed correctly. The Ethics Committee also served as the Data Safety Monitoring Board, conducted an interim review of safety data and a blinded interim analysis when data accrual was slightly more than half completed. From its review, the Data Safety Monitoring Board recommended the continuation of the study without any procedural changes.
Study definitions
Underweight was defined a weight-for-age z score ͨ Ҁ2 SD. Normal-weight was defined as weight-for-age z score Ҁ2 SD.
Criteria for discharge included resolution for ͧ12 h of all of the following: tachypnea (respiratory rate ͨ 40/min in children aged 12 to 59 mo or ͨ50/min in children aged 2-12 mo), fever (axillary temperature ͨ37.5°C), and hypoxemia (oxygen saturation ͧ90%).
Study procedures
A child enrolled in this study was randomly assigned to 1 of the 2 groups (vitamin A or placebo). Vitamin A and placebo capsules were manufactured by Tishcon Corporation (Westbury, NY). The capsules were kept in opaque plastic containers and stored in a dry, cool location.
A baseline blood test (3 mL) was performed by venipuncture on arrival (0 h) and again at 72 h for measurement of serum retinol. Respiratory frequency, axillary temperature, and pulse oximetry were monitored every 6 h by a physician, nurse, or trained medical student from the study staff. Other clinical signs and auscultation of the lungs were performed every 24 h by a study physician. A chest X-ray was performed on arrival (0 h) and at 72 h to assess the differential radiologic response between the 2 groups.
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All children were given the standard antibiotic treatment for pneumonia used at the Baca Ortiz Hospital: ampicillin as initial therapy in children aged 2 y or penicillin in children aged ͧ2 y. Gentamicin was added if the child's condition deteriorated within 24 h of admission. A third-generation cephalosporin with or without oxacillin was given if the child continued to deteriorate over the next few days. In a limited number of children whose clinical condition became critical, an antibiotic regimen that was different from the regimens described above was used, according to the physician's judgment. Additional therapeutic measures included the administration of oxygen, intravenous fluids if required, and salbutamol for wheezing.
For ethical reasons, at the time of medical discharge, all enrolled children were given a single dose of vitamin A. Children aged 2-12 mo were given 50 000 IU, and children aged 12-59 mo were given 100 000 IU.
Plasma retinol was measured by HPLC as described (19) . Plasma samples were recoded so that the laboratory technicians were blinded to the basal and final samples. Hemoglobin was measured by using a portable unit (Hemocue, Angelholm, Sweden). Chest X-rays were done with a Genetron 650 machine (General Electric, Milwaukee, WI).
Statistical analysis
Data were collected by using questionnaires specific to the project, all of which were standardized and validated during a pilot phase conducted from April to June 2001. The supervisor examined the questionnaires weekly and resolved any inconsistencies with the physician responsible for the treatment of the child. Data entry and management were done with ACCESS 2000 premium software (version 9.0.69265P3; Microsoft, Redmond, WA). Statistical analyses were done with SPSS statistical software (version 11.5.0; SPSS Inc, Chicago, IL). Descriptive statistics were calculated for all baseline measurements (ie, age, sex, weight-for-age z score, height-for-age z score, hemoglobin and retinol concentrations, respiratory signs, and chest X-ray findings) and variables collected by questionnaire (breastfeeding), and they were compared between the vitamin A and placebo groups.
Total hours of remission of each sign (ie, tachypnea, fever, and hypoxemia) and remission of all 3 signs together as well as total days of diminished breath sounds, bronchial breath sounds, and pleural effusion were calculated and compared by treatment arm. The same statistics were examined by age, nutritional status, basal serum retinol concentration, and severity of hypoxemia (O 2 saturation 80%). The differences between means and proportions were analyzed by using t and chi-square tests, respectively. The level of significance accepted was ͨ0.05. Differences in the time (h) to resolution of all 3 signs were compared by using the log-rank test for homogeneity for Kaplan-Meier survival curves (26) .
A multiple linear regression model was developed to assess the effect of vitamin A on the time (h) to resolution of clinical signs of pneumonia while controlling for the predictor variables that were important as potential confounders of the analysis. Regression diagnostic was performed, and the adequacy of covariate functional forms was examined. The summary includes regression coefficient (␤), SE, and the P value corresponding to 2-sided testing of 0 regression effects.
RESULTS
A total of 1319 children with probable pneumonia were screened, and 287 children were enrolled in the study (Figure 1) . Chief causes of exclusion were weight 50th percentile, oxygen saturation 90%, age 2 mo, and receipt of megadoses of vitamin A during the previous 2 mo. Of the children enrolled, 121 (41.1%) were girls and 152 (53%) were infants aged 2-12 mo. Eighty-three (29%) children were underweight. At enrollment, no significant differences were observed between the vitamin A and placebo groups in terms of age, sex, weight-for-age z score, hemoglobin concentration, plasma retinol concentration, oxygen saturation, respiratory signs, or chest X-ray findings ( Table 1) .
During the study, 5 deaths occurred, which were equally distributed in the 2 study arms. Forty-eight children (16.7%) were lost to follow-up during the course of the study. The main causes of dropping out were parental requests for discharge against medical advice and clinical findings of exclusion criteria identified shortly after enrollment (Figure 1) .
The Kaplan-Meier survival curves for time to remission of all 3 signs are shown in Figure 2 . No significant differences were observed between the vitamin A and placebo groups for the primary outcome-the time to remission of all 3 signs (P ҃ 0.35). In addition, no significant difference was observed between the 2 groups in terms of the duration of each respiratory sign. Resolution of focal infiltrates at 72 h did not differ significantly between the 2 groups ( Table 2) .
The final plasma retinol concentration did not differ significantly between the groups at 72 h (vitamin A group: 273 Ȁ 107 g/L; placebo group: 285 Ȁ 112 g/L). The change from baseline to 72 h as did not differ significantly (vitamin A group: 120 Ȁ 107 g/L; placebo group: 122 Ȁ 119 g/L).
We did not find any significant difference in the duration of respiratory signs when the 2 groups were stratified by baseline nutritional status or by age (ͨ12 or 12 mo) (data not shown). Time to resolution of respiratory symptoms did not differ significantly between underweight and normal-weight children (97.3 Ȁ 77.11 and 111.5 Ȁ 84.4 h, respectively; P ҃ 0.25), independent of the treatment arm.
No significant difference was observed in the primary outcome in the 2 groups for children with severe pneumonia as defined by the WHO (27) . However, children with room air oxygen saturation 80% who were given placebo spent 25 h less time in the hospital than did children who were given vitamin A. However, this difference was not significant (P ҃ 0.1).
A multiple regression analysis was performed to test predictors of time to clinical resolution of pneumonia. The model included the basal data of the following covariates: treatment arm and sex (dichotomous variables), age, weight-for-age z score, height-for-age z score, hemoglobin concentration, and serum retinol concentration (continuous variables) and interaction between treatment arm and basal serum retinol. In this model, the only significant finding was an interaction between basal serum retinol concentration and vitamin A group for the time to remission of respiratory signs (in h) (␤ ҃ Ҁ3.57, SE ҃ 1.09, P ҃ 0.001). (Figure 3) .
When children were stratified according to basal serum retinol concentration (ͨ200 and 200 g/L), the time to remission of all 3 respiratory signs was significantly lower in children with higher basal serum retinol concentrations in the vitamin A group (n ҃ 25) than in their counterparts in the placebo group (n ҃ 27) (vitamin A group: 69.9 Ȁ 49.9 h; placebo group: 131.3 Ȁ 143.9 h; P ҃ 0.049). The Kaplan-Meier survival analysis for time to remission of all 3 respiratory signs showed a significant difference between vitamin A and placebo groups in children whose basal serum retinol was 200 g/L (P ҃ 0.0116).
DISCUSSION
Overall, we did not find any effect of supplementation with low-dose vitamin A on the time to clinical recovery in children aged between 2 and 59 mo with pneumonia. Although we used a smaller dose of vitamin A (50 000 and 100 000 IU) than did previous studies, our results are in agreement with those of studies in Tanzania (19), Guatemala (22) , and the United States (28), all of which used megadoses of vitamin A.
In Vietnam, Si et al (29) reported a significant reduction in the duration of hospitalization for pneumonia in children with moderate malnutrition (P ҃ 0.04). This finding was predominantly due to a beneficial effect of the vitamin A supplement in girls aged 1 y, so the significance of this result is controversial. As others have shown (24), we did not find an effect of supplementation in children with moderate undernutrition (either underweight or stunted). In contrast to our hypothesis, the time to remission of respiratory signs did not differ significantly between the groups of normal-weight children and those of underweight children, independent of the type of the intervention.
Because severely underweight and wasted children were excluded from participation in our study, the potential utility of vitamin A as an adjunct to the treatment of pneumonia in this high-risk group remains unknown.
Previous community-based studies in Ecuador showed that the prevalence of vitamin A deficiency is relatively low (14%) (30 -32) . We found that Ȃ75% of children admitted to the hospital had subclinical vitamin A deficiency, as suggested by a plasma retinol concentration 200 g/L. This difference most likely was a result of the acute inflammatory response resulting from the episode of pneumonia, which resulted in a decrease in serum retinol in a large proportion of our study participants. Several mechanisms are possible by which serum retinol concentrations decrease during the acute phase response to infection. First, there are low synthesis and release of retinol-binding protein, the main transport protein for retinol, from the liver during acute inflammation in experimental models (33) (34) (35) . Second, there may be greater exogenous losses (36, 37) or metabolic needs (38) or both. One community-based study conducted in a population of poor children in Ecuador evaluated retinol stores by using the modified relative dose response test and found that 26% of children had low stores. Those children had had fever and respiratory or diarrheal infections in the previous 3 wk (39) . Therefore, the low baseline concentrations of serum retinol we found in the current study probably were transiently depressed as a result of the acute phase response. In support of this hypothesis, 
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we found a substantial increase (Ȃ125%) in retinol concentrations at 72 h in both groups. These results are in agreement with those of Nacul et al (40) , who also found an increase of retinol concentrations in both supplemented and placebo groups. This increase may be due to the neoliberation of retinol from liver stores, once the production of retinol-binding protein is restored after the acute infection has resolved.
There were several limitations to our study. First, because of a shortage of funding and a length of time for enrollment that was greater than originally predicted, we were unable to reach the target sample size. However, enrollment was nearly 90% of the estimated necessary sample size, which was enough to detect differences at 80% power. Given the lack of difference in all primary outcomes between the 2 groups, the additional 10% of the estimated sample size probably would not have made a meaningful difference in these outcomes. Second, the proportion of children who were lost to follow-up was slightly higher than that estimated in our sample size estimation. However, this minimal difference also was unlikely to have had an important effect on the primary outcomes. Third, we did not measure any indicators of the acute phase response. Although this measurement would have been helpful in a better assessment of the baseline and change in serum retinol concentrations, it would not have contributed to the primary outcomes.
No previous reports have evaluated the effect of vitamin A supplements on the clinical evolution of pneumonia stratified by the severity of hypoxemia at enrollment. A study done in Brazil found an apparent beneficial effect of vitamin A on the clinical resolution of severe pneumonia, defined according to World Health Organization criteria (27) . The World Health Organization's definitions of pneumonia do not include hypoxemia as an indicator of severity. In countries where substantial proportions of the population live at higher altitudes with reduced oxygen tension, the risk of hypoxemia associated with an episode is increased. In the current study, we encountered a trend toward faster resolution of clinical signs of pneumonia in children with oxygen saturation 80% at enrollment who were given placebo than in their counterparts who were given vitamin A. Although this was a post hoc analysis of a small number of subjects that is potentially subject to bias, these findings may simply represent chance findings that may not be replicated in a follow-up study.
Although no overall effect of vitamin A on the duration of clinical manifestations of pneumonia was observed, we did observe that children with high basal serum retinol concentrations were more likely to have a faster resolution of clinical signs of pneumonia than were those with low concentrations. Moreover, vitamin A supplements shortened the clinical evolution in this group of children, but the number of subjects was small. In fact, a significant interaction was found between basal serum retinol and vitamin A supplementation. There are 2 potential explanations for these findings. First, these children may have been less severely ill and therefore might have had less depression of their serum retinol concentrations by the acute phase response. Second, the children who were better nourished at baseline in terms of their vitamin A status may have been better able to generate an effective immune response and to use the vitamin A supplement more efficiently to fight the infection and rebound more rapidly from the bout of pneumonia than were those who were less well nourished. Accordingly, because vitamin A deficiency is declining in increasing numbers of populations, more children could benefit from vitamin A supplements during a pneumonia episode. Then it would not seem necessary to assess the basal retinol status in children with pneumonia before giving them moderate doses of vitamin A supplements. In addition, no adverse events have been reported following the use of moderate doses of vitamin A. If these explanations are correct, then they underline the importance of continued public health interventions to reduce or eliminate both subclinical and clinical vitamin A deficiency. More studies are required to test these assumptions.
